Introduction {#S0001}
============

Over the past two decades, obesity has become a serious global health problem. The International Association for the Study of Obesity/International Obesity Task Force, a WHO body \[[@CIT0001]\], has reported that approximately 1 billion adults worldwide are overweight and another 475 million adults are obese. In countries of the Central and Eastern Europe, including the Czech Republic, the prevalence of obesity stands as a forefront issue in all epidemiological studies. Results of the latest large epidemiological study, conducted in the Czech Republic, reveal that 30% of Czechs are overweight and 25% suffer from obesity. It is an alarming fact that, during the last 6 years alone, the number of obese subjects has increased by 5% in the total population of 10.3 million, which makes 425,000 people \[[@CIT0002]\].

There are several therapeutic approaches to obesity. In most cases, the first choice is lifestyle change focused on balanced dietary intake and physical activity. Pharmaceutical therapy, the principal aims of which are to support a change in dietary habits and prevent a decrease in basal metabolism, is another option. However, since the end of the 1990s, surgical treatment (bariatric/metabolic surgery) has proved to be the most effective obesity treatment \[[@CIT0003], [@CIT0004]\]. Unlike conservative treatment, which fails in more than 80% of patients in the long term, bariatric surgery results in long-term success in more than 80% of patients \[[@CIT0005]\]. It is the only treatment that produces long-term weight loss in morbidly obese patients \[[@CIT0006]\].

Like all surgical procedures, bariatric surgery carries its own risks \[[@CIT0007]\]. Although cure of associated co-morbidities cannot be guaranteed, more than 75% of obese patients experience complete or partial post-operative remission of most obesity-associated health conditions (e.g. type 2 diabetes, dyslipidemia, and hypertension) \[[@CIT0008]\]. The long-term effectiveness of this treatment depends on patients meeting specific post-operative requirements regarding individual treatment options, attending regular check-ups, engaging in adequate physical activity with respect to general condition, participating actively and their ability to change life habits \[[@CIT0009]\].

In sleeve gastrectomy, a predominantly restrictive form of bariatric surgery, a significant portion of the stomach along its minor curvature is removed to convert the stomach\'s shape into that of a sleeve. This reduction in volume results in an earlier sense of satiety when eating.

Post-operative weight loss is augmented by decreased production of hormones related to obesity (e.g. ghrelin) and changes in the pattern of gastric voiding. Ghrelin is produced predominantly by the cells of the gastric fundus, the majority of which is removed during this procedure. Ghrelin stimulates appetite, increases gastric motility and secretion, increases growth hormone secretion and reduces fat utilization \[[@CIT0010]--[@CIT0012]\]. Short-term studies have confirmed the safety and effectiveness of this restrictive procedure; however, limited long-term data (\> 5 years) are available so far \[[@CIT0009], [@CIT0013]--[@CIT0015]\]. Disadvantages of this procedure include the irreversible removal of a substantial portion of the stomach and the long-term possibility of gradual enlargement of the remaining portion of the stomach caused by excessive dietary intake \[[@CIT0009]\]. Patients qualified for surgical treatment of obesity usually make different dietetic mistakes, which could affect their nutritional status and lead to metabolic disorders. Monitoring of dietary habits and their changes are essential to decrease the dietary deficiencies before and after surgery \[[@CIT0016]\].

Aim {#S0002}
===

The main purpose of this study was to assess changes in dietary habits in obese patients 6 and 12 months after sleeve gastrectomy. The second aim was to compare changes in hormonal levels and dietary habits after this procedure.

Material and methods {#S0003}
====================

Patients {#S20004}
--------

A total of 37 subjects (29 women and 8 men) aged 24 to 68 years underwent laparoscopic sleeve gastrectomy. The study was approved by the Ethics Committee of the Faculty of Medicine, University of Ostrava, Czech Republic, in accordance with the ethical standards of the Helsinki Declaration of 1975, as revised in 2000. The subjects were patients of the Gastroenterology Care Center, Surgical department, of the Vitkovice Hospital, Czech Republic and the Department of Surgery, University Hospital Ostrava, Czech Republic. Selection of subjects for the surgical treatment of obesity was carried out in accordance with the guidelines of the International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO). The subjects had either body mass index (BMI) ≥ 40 kg/m^2^, BMI ≥ 35 kg/m^2^ with associated co-morbidities, or BMI \< 35 kg/m^2^ with a history of weight loss resulting from intensive therapy followed by regaining weight \[[@CIT0017]\]. Patients with a history of stomach surgery, gastric and duodenal ulcers, thyroid disorders, gastrointestinal disorders associated with intestinal resorption dysfunction and hypolipidemic and anti-diabetic treatment were excluded. All operations were performed laparoscopically, with no conversion to an open procedure. Five trocars were used. After mobilization of the greater curvature the resection started 4 cm from the pylorus. No bougie was used. The resection was navigated by the end of short gastric vessels. Careful resection of the gastric fundus was done. At the proximal end of the resection, 1 cm of the gastric wall was left from the lateral border of the cardia fat pad. Early oral feeding started 4 h after the operation. No surgical complications were observed in this group of patients.

All patients underwent pre-operative and follow-up examinations (3, 6, and 12 months after surgery). The assessment procedures -- anthropometry, monitoring of serum concentrations of fasting glucose and relevant hormones and completion of a dietary habits questionnaire -- were identical on each assessment occasion.

Anthropometric assessment {#S20005}
-------------------------

A basic anthropometric examination was carried out, including measurements of body weight, height, waist and hip circumference, and calculation of BMI. Body composition was determined by dual-energy X-ray absorptiometry (DXA, Hologic Discovery A, Waltham, USA).

Biochemical assessment {#S20006}
----------------------

Serum concentrations of leptin, ghrelin, adiponectin, and fasting glucose were measured. Venipuncture was performed the morning after overnight fasting a week before the planned procedure and 6 and 12 months after it. Blood samples were processed for subsequent analysis within 20 min of venipuncture. Serum concentrations of leptin, adiponectin, and ghrelin were measured by the ELISA method (Biovendor-Laboratorni Medicina, Brno, Czech Republic) on a DSX instrument (DSX, Dynex Technologies, Chantilly, VA, USA). Serum concentrations of leptin, ghrelin and adiponectin were assessed in light of patients' appetites as reported in their responses to the questionnaire.

Questionnaire {#S20007}
-------------

Dietary habits were ascertained by a questionnaire method. The questions concerned size of appetite and daily food and beverage intake frequency. The intake frequency part of the questionnaire comprised 23 items and monitored the intake frequency of selected food and beverage groups (including vegetables, fruit, baked goods, meats, smoked meat products, and confectionery). This questionnaire contained individual portion definitions (e.g. one milk portion = 250 ml, one meat portion = 125 g). The patients reported how often they consumed the defined quantities of food and beverages. Possible responses ranged from "several times a day" to "as an exception or never".

Statistical analysis {#S20008}
--------------------

The anthropometry and body composition measurement results were evaluated by Student\'s paired *t*-test and changes in dietary habits by a χ^2^ test. Changes in dietary intake of individual food groups were compared with the Wilcoxon signed rank test. F-test based on a linear mixed model was used to compare concentrations of fasting serum glucose, adiponectin, ghrelin and leptin pre- and post-operatively. Wilcoxon\'s test was used to correlate changes in concentrations of investigated hormones with reported changes in each subject\'s appetite. The level of significance was set at 5%. These statistical data were processed with the Stata v. 10 program and statistical software R version 2.14.1. (R Development Core Team 2013).

Results {#S0009}
=======

Anthropometric variables {#S20010}
------------------------

The age at baseline was 43.5 ±10.2 years and BMI 43.0 ±4.9 kg/m^2^. Body fat comprised 47.3 ±4.7% of body weight ([Table I](#T0001){ref-type="table"}). The following data were recorded at the 6-month postoperative follow-up: mean body weight reduction of 27.4 kg, BMI reduction of 9.7 kg/m^2^, body fat reduction of 17.7 kg, lean body mass (LBM) reduction of 8.3 kg, and waist and hip circumference reductions of 18.2 cm and 17.8 cm, respectively (all *p* \< 0.001). Excess weight loss (EWL) was 48.5 ±15.6% and excess BMI loss (EBL) 56.4 ±18.7% ([Table I](#T0001){ref-type="table"}).

###### 

Anthropometric parameter changes 6 and 12 months after surgery (*n* = 37; 29 women and 8 men)

  Parameter                    Pre-operative examination   6 months after surgery                         12 months after surgery
  ---------------------------- --------------------------- ---------------------------------------------- ----------------------------------------------
  Age \[years\]                43.5 ±10.2                  44.1 ±10.1[a](#TF0001){ref-type="table-fn"}    44.7 ±10.2[a](#TF0001){ref-type="table-fn"}
  Weight \[kg\]                122.2 ±21.1                 94.8 ±18.0[a](#TF0001){ref-type="table-fn"}    90.5 ±18.3[a](#TF0001){ref-type="table-fn"}
  BMI \[kg/m^2^\]              43.0 ±4.9                   33.3 ±4.7[a](#TF0001){ref-type="table-fn"}     31.9 ±5.0[a](#TF0001){ref-type="table-fn"}
  EWL (%)                      --                          48.5 ±15.6                                     55.2 ±20.6
  EBL (%)                      --                          56.4 ±18.7                                     64.1 ±24.5
  Waist circumference \[cm\]   117.6 ±13.1                 99.4 ±11.9[a](#TF0001){ref-type="table-fn"}    98.1 ±13.2[a](#TF0001){ref-type="table-fn"}
  Hip circumference \[cm\]     134.9 ±13.2                 117.1 ±12.1[a](#TF0001){ref-type="table-fn"}   114.0 ±12.1[a](#TF0001){ref-type="table-fn"}
  Fat DXA (%)                  47.3 ±4.7                   41.4 ±5.6[a](#TF0001){ref-type="table-fn"}     39.2 ±6.5[a](#TF0001){ref-type="table-fn"}
  Fat DXA \[kg\]               57.2 ±10.9                  39.5 ±9.7[a](#TF0001){ref-type="table-fn"}     35.8 ±9.9[a](#TF0001){ref-type="table-fn"}
  LBM DXA \[kg\]               63.7 ±12.9                  55.4 ±11.2[a](#TF0001){ref-type="table-fn"}    54.8 ±11.5[a](#TF0001){ref-type="table-fn"}

Comparison with pre-operative examination p \< 0.001

EBL -- excess BMI loss, LBM -- lean body mass

The mean patient weight loss was 31.7 kg 12 months after surgery. Body mass index was reduced by a mean of 11.1 kg/m^2^, body fat by 21.4 kg, and active body mass by 8.9 kg. Waist circumference was reduced by 19.5 cm and hip circumference by 20.9 cm (all *p* \< 0.001). Excess weight loss was 55.2 ±20.6% and EBL 64.1 ±24.5% ([Table I](#T0001){ref-type="table"}).

Biochemical variables {#S20011}
---------------------

The surgical procedure resulted in a decrease in mean fasting glucose concentrations, ghrelin concentrations and concentrations of leptin in blood serum. On the other hand, plasma concentrations of adiponectin increased significantly ([Table II](#T0002){ref-type="table"}).

###### 

Changes in serum levels of fasting glucose, ghrelin, leptin and adiponectin 6 and 12 months after the surgery (*n* = 37; 29 women and 8 men)

  Parameter              Pre-operative examination   6 months post-operative                       12 months post-operative
  ---------------------- --------------------------- --------------------------------------------- ---------------------------------------------
  Glucose \[mmol/l\]     5.7 ±1.0                    5.3 ±0.7[NS](#TF0005){ref-type="table-fn"}    5.1 ±0.8[b](#TF0003){ref-type="table-fn"}
  Ghrelin \[ng/l\]       127.5 ±96.9                 62.6 ±60.9[a](#TF0002){ref-type="table-fn"}   87.5 ±59.1[c](#TF0004){ref-type="table-fn"}
  Leptin \[µg/l\]        43.6 ±11.9                  24.9 ±16.7[a](#TF0002){ref-type="table-fn"}   24.3 ±13.3[a](#TF0002){ref-type="table-fn"}
  Adiponectin \[mg/l\]   14.5 ±6.8                   16.9 ±9.1[NS](#TF0005){ref-type="table-fn"}   24.8 ±12.0[a](#TF0002){ref-type="table-fn"}

Comparison with pre-operative examination p \< 0.001

Comparison with pre-operative examination p \< 0.01

Comparison with pre-operative examination p \< 0.05

Comparison with pre-operative examination p \> 0.05

Dietary habits {#S20012}
--------------

The results of dietary habits monitoring were similar for the follow-up 6 and 12 months after surgery. The patients demonstrated improvements in dietary habits up to 1 year after surgery. There were statistically significant increases in numbers of subjects who ate regularly, ate more meals per day, ate snacks, and reported reduced appetite.

The number of subjects who consumed the largest portions in the afternoon and evening also decreased after a year, from 17 (45.9%) to 7 (18.9%). A majority of subjects (19, i.e. 51.4%) ate the largest portions at midday (*p* = 0.030). After 1 year, all study participants reported that they snacked regularly, as opposed to 27 (73.0%) who reported snacking regularly at baseline (*p* = 0.018). The preferred snacks of 75.7% of subjects were baked goods and milk products whereas 24.3% of subjects preferred fruits and vegetables.

Fourteen patients (37.8%) reported high appetite, 21 patients (56.8%) had normal appetite and 2 patients (5.4%) reported low appetite at baseline.

Two patients (5.4%) had high appetite, 25 subjects (67.6%) reported normal appetite and 10 patients (27.0%) had low appetite after surgery.

A statistically significant decrease in appetite was found in the group of patients after the operation. Eighteen patients (48.6%) reported a decrease in appetite (from high to normal or low appetite or from normal to low appetite) after surgery (*p* = 0.001). One woman (2.7%) had an increase in appetite (from low to normal appetite) after surgery. There were no changes in appetite in 18 patients (48.6%) after the operation.

Twelve months after sleeve gastrectomy, there were no statistically significant differences in decreases in ghrelin ([Table III](#T0003){ref-type="table"}) and leptin concentrations between patients without changed appetite and those reporting decreased appetite (*p* = 0.857 and *p* = 0.198, respectively). Patients reporting decreased appetite after surgery had greater increases in hormone adiponectin blood concentrations than did patients reporting no change in appetite (*p* = 0.011). There were no statistically significant differences in decrease of body weight, BMI and body fat between patients with a decrease of appetite and those without a change of appetite (*p =* 0.306, *p =* 0.500, *p =* 0.276) 12 months after surgery. The EWL values were not statistically different in patients of these two groups (*p =* 0.079).

###### 

Changes in serum levels of ghrelin relative to changes in patient\'s appetite after the surgery

  Group of patients                                Ghrelin level \[ng/l\]                                                 
  ------------------------------------------------ ------------------------ --------------------------------------------- ----------------------------------------------
  Patients with decrease of appetite (*n* = 18)    131.8 ±94.2              51.8 ±30.9[b](#TF0007){ref-type="table-fn"}   72.8 ±46.8[NS](#TF0009){ref-type="table-fn"}
  Patients without change of appetite (*n* = 18)   140.5 ±119.4             52.4 ±41.9[c](#TF0008){ref-type="table-fn"}   96.2 ±63.1[NS](#TF0009){ref-type="table-fn"}
  Patient with increase of appetite (*n* = 1)      93.9                     86.2                                          173.5

Comparison with pre-operative examination p \< 0.001

Comparison with pre-operative examination p \< 0.01

Comparison with pre-operative examination p \< 0.05

Comparison with pre-operative examination p \> 0.05

Intake frequency of selected food groups {#S20013}
----------------------------------------

Within 6 months of surgery, the subjects reported statistically significant reduced intakes of fatty meat (*p* = 0.034), smoked meat products with high fat contents (*p* = 0.002), bread dumplings (*p* = 0.016), and white flour baked goods and an increased intake of fish (*p* = 0.002) ([Table IV](#T0004){ref-type="table"}). One year after surgery, the subjects reported statistically significantly reduced intakes of smoked meat products with high fat contents (*p* = 0.021) and distillates (*p* = 0.026) ([Table IV](#T0004){ref-type="table"}). They also reported reduced intakes of rice, legumes, white flour baked goods, pastry, confectionery, and beer. However, these differences were not statistically significant.

###### 

Intake of selected food and beverage groups 6 and 12 months after surgery (*n* = 37; 29 women and 8 men)

  Parameter                                        Pre-operative examination   6 months after surgery   12 months after surgery                                                                                                 
  ------------------------------------------------ --------------------------- ------------------------ ------------------------- ------------------------------------- ----- ----- ------------------------------------- ----- -----
  Fatty meats                                      6                           5.0                      7.0                       7[c](#TF0012){ref-type="table-fn"}    6.0   7.0   7[NS](#TF0013){ref-type="table-fn"}   6.0   7.0
  Smoked meat products with a higher fat content   5                           4.0                      5.0                       6[b](#TF0011){ref-type="table-fn"}    5.0   7.0   6[c](#TF0012){ref-type="table-fn"}    4.2   7.0
  Fish                                             5                           5.0                      6.0                       4[b](#TF0011){ref-type="table-fn"}    4.0   5.0   5[NS](#TF0013){ref-type="table-fn"}   4.0   5.0
  Bread dumplings                                  6                           5.8                      7.0                       7[c](#TF0012){ref-type="table-fn"}    6.0   7.0   7[NS](#TF0013){ref-type="table-fn"}   6.0   7.0
  White flour baked goods                          2                           1.0                      4.0                       4[b](#TF0011){ref-type="table-fn"}    3.8   7.0   4[NS](#TF0013){ref-type="table-fn"}   2.0   6.8
  Distillates                                      7                           7.0                      7.0                       7[NS](#TF0013){ref-type="table-fn"}   7.0   7.0   7[c](#TF0012){ref-type="table-fn"}    7.0   7.0

Comparison with pre-operative examination p \< 0.001

Comparison with pre-operative examination p \< 0.01

Comparison with pre-operative examination; p \< 0.05

Comparison with pre-operative examination p \> 0.05.

Med -- median. Intake of food and beverage: 1 -- more than once a day; 2 -- once a day; 3 -- four to five times a week; 4 -- two to three times a week; 5 -- once a week; 6 -- at least once a month; 7 -- as an exception or never

Discussion {#S0014}
==========

We have identified significant reductions in body weight and fat tissue weight within 1 year of sleeve gastrectomy. A bariatric surgical procedure is considered successful if it results in EWL of greater than 40% of preoperative body weight \[[@CIT0013], [@CIT0018], [@CIT0019]\]. The EWL was 55.2 ±20.6% 1 year after the procedure. The EWL values within 1 year after laparoscopic sleeve gastrectomy similar to our monitored set have also been reported by other authors \[[@CIT0020]--[@CIT0022]\].

In our study, within 1 year of sleeve gastrectomy, the amount of body fat had decreased on average by 8.1% of body weight (i.e. 21.4 kg). The LBM had decreased by 8.9 kg, waist circumference by 19.5 cm, and hip circumference by 20.9 cm. Weight loss, reduction in body fat and LBM reductions were more pronounced within the first 6 months after surgery. The reduction rates decreased in the second half of the monitored period. The rapid reduction within the first 6 months after surgery is a consequence of the dramatic changes in food intake and appetite typical for sleeve gastrectomy. There is a higher incidence of gastrointestinal discomfort in the initial months after surgery than later on, which also contributes to body weight reduction. Later on the patients get used to regular dietary habits and intake of smaller portions of food, and are able to identify foods they have trouble digesting. Some patients also report an increase in physical activity facilitated by their reduced body weight and improved mobility.

Restrictive bariatric procedures reduce stomach volume, which causes an earlier onset of satiety at meals, limited food intake and consequent body weight loss \[[@CIT0009], [@CIT0013]\]. The most pronounced effect of bariatric surgery is patients' changes in dietary habits \[[@CIT0006]\]. The Snyder-Marlow study \[[@CIT0015]\] documented intake of much smaller meal portions 24 months after surgery and an increase in dietary intake frequency to at least five or six times a day. Our findings are similar: increasingly regular dietary intake, increase in number of daily meals, and reduction in portion sizes.

Consultations with nutritional therapists play a key role both before and after a bariatric procedure. After surgery, the main goal is to help the patient uphold adequate energy and nutrient intake, reduce gastrointestinal discomfort, and promote and maintain weight loss \[[@CIT0015]\].

Further mechanisms influencing weight loss after sleeve gastrectomy include neurohumoral changes, such as decreased concentrations of ghrelin, the hunger stimulating hormone. Ghrelin is mainly produced by the cells of the gastric fundus, which is removed by sleeve gastrectomy. Studies cite significantly reduced appetites following sleeve gastrectomy even 2 years after surgery \[[@CIT0015], [@CIT0023]\]. Our study also demonstrated significantly reduced appetites in the monitored subjects within 12 months of surgery. In our study, we found a decrease in ghrelin serum concentrations. However, there was no relationship between ghrelin plasma concentrations and appetite.

Ghrelin levels were lower 6 months after the operation than 1 year after the operation. This effect was probably caused by changes in regulation of ghrelin production. The removal of the majority of gastric fundus led to a decrease of ghrelin production in a short period after the operation \[[@CIT0010], [@CIT0011]\]. On the other hand, ghrelin levels are correlated negatively with BMI and suppression of ghrelin production in obese patients has been reported \[[@CIT0024], [@CIT0025]\]. Furthermore, states of negative energy balance are associated with increased ghrelin levels \[[@CIT0026]\]. These findings may possibly explain the increase of ghrelin levels during the second half of the 12-month period of observation.

Leptin serum concentrations also decreased. It is known that leptin concentrations correspond very closely with total body fat content of an individual. They are increased in obese individuals and reduced in slender individuals \[[@CIT0027]\]. Our study identifies a significant post-operative reduction in leptin concentrations. However, we found no correlation between decreased leptin concentrations and appetite. This finding is in accordance with the fact that hyperleptinemia in obese individuals does not reduce food intake or protect against development of obesity \[[@CIT0027], [@CIT0028]\].

On the other hand, the concentrations of another adipocyte hormone, adiponectin, increased significantly. This increase is in accordance with the findings of Matsubara *et al*. \[[@CIT0029]\]: they stated that plasma concentrations of adiponectin are negatively correlated with BMI, amount of body fat, insulin resistance, and atherosclerosis. Increased adiponectin concentrations are found in both slender individuals and sportspersons \[[@CIT0030], [@CIT0031]\]. Moreover, we found a statistically significant increase in adiponectin concentrations in persons reporting decreased appetites after sleeve gastrectomy.

The patients' nutritional goal is to consume a balanced diet with sufficient representation of all food groups. Whole grains, fruit, vegetables, milk products and their substitutes and healthy fats should be added to the diet as soon as the patient can tolerate them. Added sugars, confectionery, fruit juice concentrates, fried foods, carbonated beverages, caffeine and alcohol should be limited or excluded \[[@CIT0032]\]. Our study subjects significantly improved their dietary habits in this regard both 6 and 12 months after surgery, this improvement being more pronounced 6 months postoperatively, when they reported reduced intake of fatty meat, smoked meat products with high fat content, bread dumplings and white flour baked goods, and increased intake of fish. Twelve months after surgery they reported significantly reduced intake of smoked meat products with high fat content and distillates. Additional changes, albeit not statistically significant, indicated an inclination toward healthy dietary habits. Compared with the 6-month follow-up, the subjects reported negative changes in consumption of some food groups (e.g. fish and white flour baked goods) at the 12-month follow-up. These findings suggest stricter adherence to nutritional guidelines in the first months after surgery. Later on, as post-operative gastrointestinal discomfort diminished, minor negative changes in the intake of certain foods took place. Changes of dietary habits also depended on the patient\'s cooperation with a nutrition therapist, which was more intensive especially during the first postoperative months.

Recent studies have shown that restrictive bariatric procedures lead the patients to increase their intake of highly caloric liquid foods (sweet eating) and avoid foods that are difficult to digest (e.g. raw vegetables and whole meat) \[[@CIT0006]\]. Our study subjects reported a small decrease in the intake of meat and sweet foods and a small increase in intake of vegetables. These results, however, were not statistically significant and most likely represent an improvement in dietary habits.

Conclusions {#S0015}
===========

Sleeve gastrectomy and follow-up nutritional therapy resulted in significant body weight reduction, particularly in body fat. We found no statistically significant correlation between decreases in ghrelin and leptin concentrations and decreases in appetite 12 months after sleeve gastrectomy. There were improvements in certain dietary habits. Monitoring of changes in dietary habits and frequency of intake of individual food groups following bariatric procedures may lead to improved care for bariatric patients. A food group intake frequency questionnaire may further simplify the work of investigators and patients, particularly when the subjects are not willing to do 24-hour dietary monitoring. This study presents findings for a relatively short (12-month) period after surgery. The study subjects are included in a prospective monitoring study of 24 months duration.
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